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Abstract: In simulations of electrical methods for
anisotropic, rolling and realistic terrains, large sparse
linear systems generated by the adaptive finite element

discretization suffer from high memory consumption and

Wik H] . 2023-01-02

FHATH . BEARREILA (42274101,42004120) ; BIRE4E A SR G T RHE R (HBZ20240154)
H—VEE BRI WA I B SBR[ b R T R R T I R

E-mail: kejiapan@csu. edu. cn

SEAEVER . T, A ST 7 ) bR B E i, E-mail: 212101020@csu. edu. cn

low solution efficiency. To address these issues, we
propose a combined algorithm that integrates the
aggregated algebraic multigrid (AGMG) method with the
adaptive finite element method. The combined algorithm
enhances the

forward modeling accuracy while

significantly improving the computational efficiency,
enabling large-scale 3D direct current resistivity complex
models. For second-order elliptic boundary value
problems associated with 3D direct current resistivity, we
utilize an unstructured tetrahedral mesh for the finite
element discretization. The local refinement is applied
through adaptive strategies, and the resulting large-scale
sparse linear systems are solved using the AGMG method.
Finally, the effectiveness of the combined algorithm is
validated through simulations of complex geoelectric
models and real geological scenarios. In solving systems
with tens of millions of degrees of freedom, the combined
algorithm is over 20 times faster than traditional iterative
methods and nearly 10 times faster than the algebraic
multigrid method. The efficiency advantage of the
combined algorithm becomes even more pronounced as

the model complexity increases.

Keywords: algebraic multigrid; adaptive finite element;

anisotropy; direct current resistivity; rolling terrain
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Fig.2 Comparison of coarsening between AGMG
and classical AMG methods
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Tab.1 Numerical results of different solvers(sphere model)
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Tab.2 Numerical results of different solvers (anisotropic layered model)
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Tab.3 Numerical results of different solvers (rolling terrain)
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Fig.10 Apparent resistivity profile of rolling terrain
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Tab.4 Numerical results of different solvers (anisotropic rolling terrain)
- SSOR-CG #: Hypre-AMG-CG ¥ Hypre-AMG AGMG
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BOE RN . 2 Ml BT AR Y 1% 28 3 RN 26 B 0 0l x5 HRATHMEEE

117.250 0°.31. 083 3°, 4 LA W LT B FLAA A4
P A5 2 ) 4 A b2 R0 2 (AR R AR H BH A 4
FO5FUR . FE 20K IE L B A B 21 4~ 00
T, AW A 21 AR, W) T i
FUA 3 000 mX 3 000 m, £k 8] A 150 m. 34~ HLJA
A3 SR ORI ) 17 0 5 000, 7 0009 000 m, P
&4 500 m, LK /INA 50 A

B H BB AL R SR 6 s . AT LLAE
th, AGMG SRR BOT A i A B IS

Tab.5 Apparent resistivity of geologic unit

ESY i STH HLER/(Qem)
| WUE4 (USF) 552.0
T XUiZH (LSF) 495.0
& HF4H (BBF) 624.0
INKH A (DP) 800.0
R (MG) 12.5
W (PR) 8.0

TTHA 5 7 40 896 890 H HHE T , AGMG 723K fifk st [i]
247 SSOR-CG #1149 1/23, 5 Hypre-AMG £ L,
TR R RESE & T 1065

Fx6 AEKMAI|MBELR (EXithFRER)
Tab.6 Numerical results of different solvers (realistic terrain model)
. SSOR-CG i Hypre-AMG-CG Hypre-AMG % AGMG %
- PSRV €4 B 1a] /s AU HiF ] /s ERIREL ] /s ERUEL A1) /s
146 618 148 3.62 7 5.27 17 4.93 12 0.73
1208 988 301 68. 85 8 69. 40 18 60. 77 12 6.82
9153 622 557 1057.09 8 657. 38 20 593. 40 12 67.49
40 896 890 828 8 905. 53 8 3456.72 21 3257.59 13 372.51
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Apparent resistivity profile of real topography
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